The objective of the logistics management is to guarantee the stock level required for the adequate handling of production at the lowest possible level of costs and risks. The main purpose of the paper is to present the relations between stock level and risk of shortages. As a result of the research, the introduction of the safety stock is the solution to cover the effects of the uncertain factors in the supply chain. The theoretical approach of the model assumes a deterministic operational environment, in practice, however, there are several unpredictable factors influencing the operation of the production company. By using the periodic and continuous review models, the paper presents the effects of demand changes and stochastic length of replenishment time on the risk of stock availability. We need to quantify a service level which determines the accepted probability of the shortage occurrence.
Introduction
It often happens in practical logistics that the actual utilisation demand cannot be satisfied immediately. The continuity of service, in some cases, is broken by a disturbance in a stage of the supply chain, which causes a significant confusion for both the customer and the supplier. In other cases, the reason is a planned stock management strategy that can be led back to a certain aspect of economic efficiency.
The classical stockpile management approaches the optimisation of the stock level from the side of expenses, meaning that the optimal stock level is represented by the stock derived from the lowest total costs. Among the costs of the stockpile management system, we differentiate three basic cost categories:
• cost elements related to the procurement activity, • costs related to stock holding, • costs related to stock shortage consequences.
These three cost groups can be modified to the detriment of one another [1, 2] . The holding costs increase linearly with the increase of the lot size, while the costs related to procurement decrease with the increase of the order quantity [3] . Similarly, the holding costs are in a trade-off relation with the costs of stock shortage. The task is the definition of the optimum of the total costs function that fulfils the cost-minimising target, and the quantification of the derivable order quantity and of the order period [4] .
Literature review
The first scientific model about an optimal lot size determination was published by Harris in 1913 in the article "How many parts to make at once" [5] . This model defines the production quantity optimisation with not acceptable stock-out periods and assumes deterministic conditions. Several extensions of the basic Economic Order Quantity model have been defined since that, describing the real operational processes in more detail, and giving answers to practical issues.
In case of deterministic inputs, the model is extended with the analyses of the deterioration of goods [6] , the quantity discounts [3] , limited supplier capacity, the dynamic version of the economic lot size [7] , etc., and several researches have also been done in the direction of stochastic factors such as demand fluctuation, lead time variation, fraction of the defective items [8] or shortages, using a probability density function, etc.
The initial assumption of Harris's basic model that shortages are not allowed is too restrictive in a real industrial working environment. Park [9] , Hollier and Mak [10] , Grubbström and Erdem [11] assume that during shortage periods, all demand is either backlogged or lost. Deb and Chaudhuri extended the economic order quantity model by including completely back-ordered shortages [12] . They defined a replenishment policy where the inventory cycles were divided into two periods: in the first one, the demand was covered by inventory, while in the second part of the cycle, it was followed by a period of shortages. In their model, shortages were allowed in all cycles except for the final one. Also, Dave worked out a heuristic inventory-replenishment model with planned shortages and linearly increasing demand [13] . Teng and Yang considered a partial backlogging rate during the stock-out periods when the demand and cost fluctuate with time [14] . Many researchers extended the planned shortage model by considering varying shortage cost values [15] and assuming deteriorating items with imperfect quality [16] [17] [18] .
Research methods
By walking around the initial conditions of the economic order quantity model, we analyse the effect of the changes of single parameters on the inventories, costs and the service level. The theoretical approach of the model assumes a deterministic operational environment. In practice, however, there are several unpredictable factors influencing the operation of the production company. By using the periodic and continuous review models, the paper presents the effects of demand changes and the stochastic length of replenishment time on the risk of stock availability.
We make the examination of the contexts by applying the ceteris paribus principle; we change only one parameter from among the initial conditions at once. The main purpose of our analysis, that by taking the changes of the time and the quantitative factors into consideration to define the level of the necessary safety stock, with which we may guarantee the service of the customer and the production on a predefined service level.
Determination of the economic order quantity in case of planned shortage
As in practice the demands are predictable with full certainty in exceptional cases only, and the decision between the higher inventory level and the risk of a stock-out situation is often of strategic importance, we use the probabilistic model with planned shortages in our analyses.
As an initial condition, we define that the unsatisfied demand due to stock shortage can be rescheduled by a defined cost level, and it will be fully performed at a later date [19] . The main questions of stock management models are the optimum quantity that can be procured on one occasion by the most favourable total costs, and the optimal scheduling of procurement. The balance between the stock level and the costs can be defined with the economic order quantity with planned shortage model, the initial conditions of which are as follow [1, 2, 4, [19] [20] [21] [22] :
• The supply rate can be considered as being infinite, the stock replenishment is immediate, and so the replenishment time equals zero.
• The ordered quantity arrives as one item; frequency of supplies is scheduled for identical periods.
• The demand is known and pre-definable with absolute certainty.
• Both the customer and the supplier want to satisfy the demand. The demand is continuous, and the utilisation has a consistent intensity; thus, the demand rate is constant. Accordingly, within a supply period, the stock level shows a strictly monotonous descending linear function in relation to time.
• The stock shortage is accepted at a certain cost.
• The ordering costs are independent of the order quantity.
• The holding costs per unit are constant, and they change linearly with the stock quantity.
• By assuming an infinite time horizon, the costs are independent of the time factor.
• The purchase price per unit does not depend on quantity; thus, the purchase price does not influence the stock management policy to be chosen [23, 24] . In case of a constant utilisation demand with continuous and uniform intensity (Fig. 1a) , and a procurement cycle with uniform period intervals, if the opening stock d of the period t is smaller than the total utilisation demand q during the period, the stocks before the next period will decrease to zero at a certain t 0 point of time, followed by a stock shortage pe-riod with a t 2 length, at the end of which the stocks will be replenished. During period t 2 , the continuous demand will lead to a backlog of s level. The purchase costs incurring during the whole analysed period can be defined by multiplying the one-off purchase cost by the frequency of procurements [25] :
where C o -total purchase cost for the examined period, Q -total purchase demand for the examined period, q -purchase demand for a single period, economic order quantity, c o -cost of a single purchase order.
The holding costs can be defined as the area of sections due to the t 1 period of the sawtooth diagram [25] :
where C h -total holding cost for the examined period, d -the portion of the demand covered by stock within one single period, t 1 -period, during the demand is performed without delay at the time of its occurrence, c h -holding cost per time unit, T -the length of the complete period, v -purchasing price per unit, r -annual holding cost rate.
During the quantification of the stock shortage costs, we must start from the relation that the continuous demand increases the level of the backlog, which can be expressed as the area of sections due to period t 2 of the sawtooth diagram [20, 25] :
where C s -the shortage cost during the whole analysed period, t 2 -period, during the demands due must be rescheduled for a later date, c s -shortage cost per time unit. The basic model of the economic order quantity starts from the relation that the purchase cost, the holding cost changes and the stock level change according to the order quantity. Accordingly, the more rarely orders are made, the more favourable the purchase costs are per unit, and at the same time, the holding costs are linearly increasing [26, 27] . The function of total costs can be defined as the sum of these three costs and the value of the purchased parts. The objective function is defining the minimum of the function of total costs [2, 4, 20, [23] [24] [25] :
where C -total cost of inventory management for the examined period. The optimal order quantity can be defined by solving the system of previous equations, where the form of partial derivatives according to q and d of the function of total costs is set equal to zero [19, 20, 25, [28] [29] [30] :
The on-time delivered quantity can be calculated as followed:
The optimal amount to be back-ordered [23] :
The minimum total cost incurring during the whole period together with the money spent on purchased stocks:
Factors influencing the deterministic operation
Our theories applied in the case of the economic order quantity are influenced by the fact that the customer demands are not completely known, and disturbances can occur in our processes that together create uncertainty regarding the intensity of demands for purchased parts and the development of the stock level.
In practice, several unexpected events can lead to a shortage of stocks, e.g. excess usage due to a reject occurred for any reason within the production process, stock deviation, late delivery due to traffic obstacles, stocks with inappropriate quantity or quality, etc. These factors can be classified into two main groups.
The first group of factors includes uncertainties related to time, the occurrence of these events affects the availability of stocks in time. The other group of factors includes quality-related impacts, the occurrence of which causes a stock level modification of an unanticipated extent [23] .
The impacts in both factor groups can have two directions. This means that in the case of the time factor, supplies ahead of schedule can happen along with delays in delivery, and in the case of quantitative factors, along with an unexpected excess usage, the stock discovered during an inventory can lead to the increase of the stock level. Accordingly, the challenges for some of the impacts are the management of the stock shortage and its consequence, and for impacts with the opposite direction, the challenges are the consequences related to the increased stock level.
Along the two groups of factors, we present the context related to the avoidance of stock shortage and the method of decreasing the occurrence level of the stock shortage to an acceptable level.
Stock management mechanism of a stochastic operation environment
Stock-outs can be caused any time by the factors such as fluctuating customer demand and variability in lead times for purchased materials or manufactured parts as well as by unexpected issues in the supply chain processes. To cover the effect of the unexpected factors, the inventory level must be adjusted accordingly with additional safety stock. The safety stock is not intended to eliminate all stock-outs fully but only a predetermined percentage. This service level means the desired probability that a stockout will not occur between the time an order is placed and the ordered quantity is received. The fulfilment of a higher service level requires significantly more safety stock, but in parallel, it would result in fewer stock-outs. The higher the safety stock is, the more the inventory holding costs are, and also the higher customer satisfaction can be reached. We must balance this trade-off between inventory costs and customer service [23, 24] .
During the definition of our supply management strategy, we can choose from two basic models. Thus, we must separate the continuous and periodic review systems. In the case of a continuous review, the order quantity is constant; thus, the uncertainty affects the level of the closing stock at the end of the periods; while in the case of a periodic review, there are fixed times between the orders; thus, the uncertainty affects the order quantity. Both models are closely related to the Economic Order Quantity model with planned shortages. Although the demand or the lead time is not predictable, as an approximation of the best order quantity in practice we can use the formulas of the Economic Order Quantity model, and calculate the additional safety stock to cover the risk of shortages. By using the methods and equations, we can calculate the safety stock levels to achieve the targeted customer service levels [31] .
Determination of service level
By service level we mean the extent of planned rate of the on-time delivered demand compared to the total demand. The accepted probability of shortage occurrence can be determined as a relation of the number of periods allowing shortages and the total number of periods analysed [4] . In the case where we allow two periods (e.g. weeks) uncovered by stocks for a complete one year period, the accepted probability of shortage occurrence can be defined as follows:
where S -accepted probability of shortage occurrence, p s -the number of a period stock-out, t -the length of a given period, cycle length. The service level can be defined by using the accepted probability of shortage occurrence:
where SL is the service level. From the standard normal distribution table we can get the value of Z SL = 1.765 matching the probability value of the given 0.9611. It means, we want to cover customer demands in approximately 96% of the periods. Another way to define the service level is to directly define the maximum allowed level of the probability of the shortage's occurrence (e.g. 0.02 = 2%) and to find the matching Z SL = 2.33 value. Irrespective of the definition of the service level, we apply the resulting value in a consistent way. Z SL means the probability value of the SL service level from the standard normal distribution table [32, 33] .
The density function detailed in Fig. 2 shows the probability of occurrence of actual quantities, which reflects that the frequency of occurrences is more typical around the expected value, while their probability decreases towards the two ends of the function. If we adjust the stocks only to the planned length of replenishment time and planned demand level, i.e. we do not keep a safety stock (q n = µ), the probability of the occurrence of a shortage in case of demand with standard normal distribution will correspond to the probability of the non-occurrence of the shortage [2, 34] . The distribution function shows the probability of the coverage of demand fluctuations in relation to the changes of the stock level. The probability of the occurrence of the shortage decreases proportionally with the increase of the safety stocks; however, the complete safety can be guaranteed only by a stock with an infinite level. The introduction of the distribution function is justified by the fact that the function reflects well the probability of the occurrence of the stock shortage in connection with the stock level. The probability can be expressed as a risk, to which actual costs can be assigned. If we consider only the cost factors during the target settings, the optimal service level can be calculated by the given relation of stock-out costs and stock holding costs. The optimal service level is given at that inventory level, where the annual stock-out cost is equal to the annual stock holding cost [23] . 
Variability in demand -the determination of accurate safety stock in the case of periodic review systems
In a periodic inventory review system, the inventory on hand is reviewed at specific time intervals; e.g. every week or at the end of each business period. After the inventory in stock is defined, an order is placed for an amount that will fill the inventory up to a predetermined target level. The deterministic stock replenishment time and planned demand with constant intensity can be completed with the maximum extent of the demand fluctuation in two directions (Fig. 3) [23, 24] . Since the direction and extent of the deviation compared to the plan is stochastic, i.e. it cannot be exactly defined in advance; thus, the development of the actual utilisation demand and of stocks can be determined only with random variables. In case we only keep stocks to cover the planned demands, according to our stock management strategy, the increase in the actual utilisation demand compared to the plan would result in a drop to zero of the stocks before the date of receipt [31, 35] . In the case of a periodic review, it is not only the next period's demand and the probable change of demands that need to be calculated during the placement of the order, but we also have to consider the extent of the demand changes expected for the remaining τ duration of the ordering period (Fig. 3) .
As a first step, we must define the utilisation demand expected for the next period:
where d t -the average level of demand during the given t-th period. Subsequently, by the end of the period between the ordering point and order placement, thus, by the beginning of the next period, we must define the extent of the expected demand, which can be quantified similarly to the formula (11):
where d τ -expected value of demand due within the stock replenishment period, τ -planned length of replenishment lead time, d τ -the average demand of the period between the ordering point and the period's end. From the fluctuation of actual demands of past stockpiling periods, we can define the extent of demand fluctuation:
where σ d -the standard deviation of demand per unit time, d i -the demand belonging to the t-th period, d -the average level of demand of the examined period. With full knowledge of demand variation characteristic to past periods, we can calculate the demand variation for the complete planning horizon. Thus, the variation of demand expected for the stock replenishment period and for the next stock-piling period:
where σ d (τ +t) -the standard deviation of demand during replenishment lead time and review period, t incr. -time increment used for calculating the standard deviation of demand.
In the case of predictable lead time and stochastic demand, the safety stock for a predefined service level is given:
where q ss d -safety stock level created due to stochastic change of demands, Z SL -value of standard deviation for desired service level.
Variability in lead time -the determination of accurate safety stock in the case of continuous review systems
In the case of continuous inventory review system, the inventory level is continuously monitored. Whenever the inventory on hand decreases to a predefined stock level, a new order is placed to replenish the stock. The ordered quantity is equal in each period that minimises the total inventory management costs. The stock replenishment time is not deterministic; it means the supply accuracy can fluctuate in two directions (Fig. 4) . Since the fluctuation of supply accuracy has a stochastic character, the development of the actual arrival date and of stocks can be determined only by random variables. In case we only keep stocks to cover the demands of the planned length of the period, the delayed receiving of the purchased parts compared to the planned arrival date would result in a drop to zero of the stocks before the date of receipt [23, 24] .
During the quantification of the safety stocks, it is not enough to cover the utilisation demands expected for the remaining τ period of the ordering period; the temporal deviations during stock replenishment must be taken into account as well (Fig. 4) [4] .
As a first step, we must define the length of stock replenishment time characteristic for the examined period, which can be derived from the stock replenishment times of the single periods:
where τ -the average level of stock replenishment time during the examined period, τ i -the stock replenishment time belonging to the t-th period.
To be able to define the relation between the supply accuracy and the necessary safety stock, we need to convert the stock replenishment time to the used quantity. Earlier, we measured the supply accuracy in time and not in quantity, so we must quantify the quantity used within the period between the planned stock replenishment time and the deviation compared to the deadline. By assuming a use of uniform d intensity, the used amount due within the planned average τ stock replenishment:
where d τ -used amount due during the average stock replenishment. The standard deviation of the average replenishment time can be calculated:
where σ τ -the standard deviation of the average replenishment time.
The demand during the average replenishment time fluctuation:
where d σ τ -the demand during the average replenishment time fluctuation in one single period.
In the case of predictable demand and stochastic replenishment time, the safety stock for a predefined service level is given:
where q ssτ -the safety stock level created due to stochastic replenishment time.
By the given service level, the ordering stock level is almost identical with the extent of the demand due to the length of the average stock replenishment time increased by the variation:
Variability both in lead time and demand at the same time It is not rare in practice that demands change stochastically at the same time, and that there is a deviation in the length of stock replenishment time compared to the planned one. Depending on whether there is a connection between the two phenomena, the safety stocks for the moderation of their effects must be calculated in a different way.
In case both lead time variability and demand fluctuation are normally distributed and are present at the same time, but independent of each other, the combined calculations result in a lower total safety stock than the sum of the two individual calculations. The necessary safety stock can be calculated using the following formula:
But if these two stochastic factors are not independent of each other, the sum of the two individual calculations gives the higher quantity of safety stock, than in the case lead time and demand fluctuation that are independent of from each other:
Conclusions
The objective of the logistics management is to guarantee the stock level required for the adequate handling of production at the lowest possible level of costs and risks. For avoiding the effect of unexpected events, safety stocks as reserves can be held within the frame of stockpile management, but since their occurrence cannot be defined with great confidence and precision, their extent can be quantified with an estimating function too. By increasing the safety stock, the probability of the occurrence of the shortage decreases; however, the complete safety can be guaranteed only by an infinite stock level. The more stringent expectation we define towards the frequency of stock shortages in our stock management strategy, the higher the expenses will be for the avoidance of the stock shortage.
In practice, our aim is to define the accepted level of shortage occurrence, at which the customer satisfaction is guaranteed, and the total cost of the inventory management is optimal. Although there can be some influencing unpredictable factors, we can use the deterministic model as an approximation during the calculation of the order quantity. We also need to check the relation between the two factors, time and quantity, whether the lead time fluctuations and demand changes are present at the same time and depend on each other. After the selection of the appropriate variant, the optimal level of safety stock can be calculated by using the given formula.
In the case of stochastic demands, we can guarantee the achievement of the target level in two directions:
• we can decrease the uncertainty of the demand fluctuation with a more accurate forecast, • we can increase the safety stocks to cover the fluctuating demands.
In the case of stochastic replenishment time, we can work on the achievement of the target level by two methods:
• with a stricter supplier qualification, we can reduce the uncertainty of supplies, • we can increase the safety stocks to cover the fluctuating arrival date of purchased parts. The management of utilisation demand changes and stock replenishment time changes of unpredictable extents urges the management of the production company to reach a compromise. The shortage of stocks can cause serious disturbances in the production supply and customer service, the costs of which are often unquantifiable. The avoidance of stock shortages is an important objective for every organisation; however, it would be possible only with the management of an infinite stock level due to the stochastic nature of demands and delivery performance. Stock management costs as well; thus, the definition of an optimum stock level is a task for an enterprise, where the combined costs of stock management and stock shortage show the lowest possible level.
A potential further step of the research would be to analyse the sensibility of the planned availability period and the impact of the cost factors on the total costs. The next research will focus on the analysis of the context of safety stock and the service level in the case of stockpile management model with planned shortages and lost demand. 
